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THE  RELATION  OF  FATTY  DEGENERATION  TO  THE 
OXIDATION  OF  PURINES  BY  LIVER  CELLS3 
BY  H.  GIDEON  WELLS. 
(From  the  Department  of  Pathology,  University  of  Chicago.) 
In  studies of liver  function and  of various problems of metab- 
olism, attempts have  frequently been made to  reduce or eliminate 
the action of the liver by means of various poisons, with the hope 
of  ascertaining  its  influence  upon  nitrogenous  and  carbohydrate 
metabolism.  Phosphorus has  chiefly been used  for  this  purp6se, 
although other steatogenic poisons have  also  been tried,  and,  less 
often, specific hepatatoxic and hemotoxic sera.  Also, the changes 
in  metabolism  noted  in  natural  disease  processes,  notably  acute 
yellow  atrophy,  chloroform  necrosis  of  the  liver,  and  puerperal 
eclampsia, have been ascribed to the impaired hepatic  function as- 
sumed  to  result  from  the  extensive  structural  changes  that  are 
present in the liver in these conditions.  While the earlier  investi- 
gators  for  the  most part  considered that  marked  disturbances  in 
nitrogenous metabolism resulted from the hepatic lesions, the later 
observations, particularly those of Jackson and Pearce  ~ and Under- 
hill and Kleiner  ~ fail to substantiate this view. 
Jackson and Pearce  found that with  focal necroses of the dog's 
liver  due  to  hemotoxic  sera  there  is  but  a  slight  change  in  the 
ammonia excretion, but a  marked rise  in the undetermined nitro- 
gen;  in  "diffuse degeneration" there  is  more  relative  increase  in 
the ammonia nitrogen, and little rise in the undetermined nitrogen. 
"In  necrosis,  of  even  considerable  extent,  the  total  nitrogen  is 
greatly augmented, as  is  also  the rest-nitrogen;  while the produc- 
tion of urea, on account of the persistence of normally functionating 
liver  cells,  remains  relatively  unchanged.  This  factor  of  safety 
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possessed  by  the  liver  is,  we  think,  one  of  the  most  important 
results brought out by this  investigation and nmst be  given great 
weight  in  any  consideration of  the  chemistry of  hepatic  disturb- 
ances." 
They also found that uric acid elimination is increased after the 
hemotoxic serum is injected into dogs, and this increase is ascribed 
to  the  destruction  of  the  nucleoproteins  of  the  necrotic  cells. 
Allantoin  elimination is  also  increased.  These last  two  observa- 
tions  indicate  that  the  power  of  the  injured  liver  to  hydrolyze 
nucleoproteins and  to  oxidize  the  free purines  into uric  acid  and 
allantoin  is  not  destroyed,  and  apparently  it  is  not  seriously  im- 
paired.  They conclude that their results "do not indicate that the 
injection of  a  hemotoxic serum causes  a  prolonged or  a  decided 
decrease in the oxidative power of the hepatic cell.  As  a  whole, 
the organ continues to perform its functions in the normal way." 
Underhill and  Kleiner  poisoned dogs  with  hydrazine,  which  is 
characterized by causing profound fatty  changes in the liver,  and 
studied the subsequent changes in  metabolism.  They  found that 
the partition of urinary nitrogen and sulphur is  only slightly dif- 
ferent  from  that  which  obtains  during  inanition,  and  as  dogs 
poisoned  with  hydrazine  refuse  all  food,  they  believe  that  such 
urinary changes as  are  observed are  due to  this  starvation  rather 
than to the hepatic changes.  One striking feature of both inanition 
and hydrazine poisoning is the elimination of much allantoin in the 
urine.  Since this paper was written, it has been shown by several 
observers  4 that  in the dog allantoin is produced chiefly, if not en- 
tirely,  in the liver by the action of the oxidizing enzyme, uricase, 
upon  uric  acid.  Therefore,  the  experiments  of  Underhill  and 
Kleiner indicate that even in the extreme fatty degeneration which 
occurs in the liver in hydrazine poisoning, the liver is able to oxi- 
dize endogenous purines into allantoin.  They agree with Jackson 
and Pearce in emphasizing the efficiency of the " factor of safety" 
of the liver in preventing noticeable deficiency in its  function as a 
result of extensive pathological changes. 
Through the kindness of  Professor Underhill,  I  was  given the 
opportunity of studying the tissues of his dogs which had died from 
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hydrazine  poisoning, and to make a  further  study of the histolog- 
ical  changes  produced  in  the  tissues  of mammals by  this  poison.  ~ 
It  was  found that hydrazine  is  a  peculiarly  specific poison for  the 
cytoplasm  of  hepatic  cells,  causing  extreme  fatty  degeneration  of 
these cells with almost no nuclear changes and without causing the 
death of the cell,  while all  other organs  are  practically  unaffected. 
The changes begin in the center of the lobule, and when the intoxi- 
cation is not too rapidly  fatal,  all the cells but a  narrow  peripheral 
margin are  crowded with  fat  droplets  to the utmost degree;  these 
outer  cells  also  always  show  more  or  less  fat,  but  in  no  case  did 
all the cells show the extreme changes observed in the central cells. 
It is to be presumed that it is these cells that constitute the "factor 
of safety" in hydrazine poisoning, although the fact that the nuclei 
of even the most fatty cells are  left practically  intact  may also  be 
of some importance. 
It  is  well  recognized  that  fatty  metamorphosis  of  cells  occurs 
when their supply of oxygen is reduced from either local or general 
causes,  and  hence  it  has  been  suggested  that  poisons  which  cause 
similar  fatty  changes  may  act  by  interfering  with  the  oxidative 
processes  of  the  cell, 6 presumably  by  inhibiting or  destroying  the 
oxidizing  enzymes,  although  other  methods  of  causing  decreased 
oxidation  are  conceivable.  Certain observations recently made upon 
the processes of purine  destruction  suggested that  an  examination 
of  the  influence  of  steatogenic  poisons  upon  the  purine  enzymes 
might  give  interesting  results,  both  from  the  standpoint  of  the 
problems of purine metabolism and of  fatty degeneration.  It  will 
be recalled that the known steps of purine metabolism involve first 
a  series  of deamidizations, and then of oxidations.  By the oxida- 
tion  processes,  hypoxanthine  and  xanthine  are  oxidized  into  uric 
acid, and in turn the uric acid is oxidized into allantoin and carbon 
dioxide.  This last step is performed by a  specific enzyme, uricase, 
which is  of strictly  limited occurrence,  being  found only in mam- 
mals, and in them only in the liver or kidney, generally the  former 
alone.  Man,  indeed,  is  entirely  devoid of  this  enzyme  so  far  as 
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can  be  demonstrated by  experiments in  vitro. 4  Not  only  is  this 
enzyme of  remarkedly limited distribution, but,  in  harmony with 
this fact,  it is the last of the enzymes of purine metabolism which 
appears  in  the  development of  the  mammalian organism;  in  the 
pig  it  apparently  does  not  appear  until  after  birthd  Evidently, 
then,  uricase  is  a  highly  special  enzyme,  of  late  development in 
both  the  evolution of  the  animal kingdom and  of  the  individual 
mammal.  On  this  basis,  we  should expect  it  to  be,  in  harmony 
with the general rule of pathology, one of the first to suffer under 
the influence of  injurious agencies  or conditions.  This,  together 
with the fact that we have reasonably accurate  quantitative chem- 
ical methods for the estimation of the uricolytic power of tissues, 
made  the  study of  the influence of steatogenic poisons upon this 
particular oxidizing enzyme seem of especial interest. 
In  order  to  render  the  fatty  changes  as  extensive  as  possible, 
advantage was taken of the fact that in hydrazine we have a poison 
which causes a  profound change in the center of the liver lobule, 
while phosphorus attacks  first and more extensively the periphery 
of the lobule.  As hydrazine affects only the liver, it is possible to 
secure  a  high  degree  of  fatty  degeneration before  death  occurs 
from this  poison,  and by giving the more lethal  phosphorus only 
after extensive central changes have been produced by the hydra- 
zine,  a  remarkable  degree of  fatty  change can be  produced,  with 
practically every cell in the liver lobule showing the most extensive 
involvement. 
Livers  rendered  fatty  in this  way were removed from the ani- 
mals immediately after  death, and were studied as to their  ability 
to destroy uric acid in vitro;  they were also examined microscop- 
ically both with specific fat stains and with hematoxylin and eosin. 
The methods and results are described in the following protocols. 
EXPERIMENT  I.--Dog,  young,  weight  IO  kilos.  Given  on  the  first  day  o.I 5 
grin.  hydrazine  sulphate  subcutaneously.  After  forty-eight  hours  no  symptoms 
had  been  shown,  and  0.3  grin.  more  was  given.  Twenty-four  hours  later  the 
dog  was  a  little  sick,  and  I  c.c.  of  a  strong  solution  of  phosphorus  in  oil  was 
given.  The next  day the dog was  still only  slightly sick,  and 2  c.c.  more  of  the 
phosphorized  oil  was  given.  Death  occurred  five  days  after  the  first  dose  of 
hydrazine,  and  forty-eight  hours  afier  the  first  dose  of  phosphorus.  Autopsy 
showed  the  liver  to  be  quite  fatty  and  friable. 
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Microscopical examination shows  a  high  degree  of  fatty change  (Sudan  III) 
which  involves  the  central  parts  of  the  lobule  to  a  greater  degree  than  the 
periphery,  but  there  are  no  cells  which  do  not  contain  more  or  less  fat  in  fine 
droplets,  and  even  the  epithelium  of  the  bile  ducts  is  full  of  fat.  Each  liver 
cell,  except  a  few  at  the  very  periphery,  is  packed  with  fat  in  droplets  gen- 
erally  from  a  fourth  to  a  half  the  diameter  of  the  nucleus,  which  is  entirely 
obscured  when  no  nuclear  stain  is  used.  Even  at  the  periphery  of  the  lobules 
every  cell  contains many  fine  droplets  of  fat,  but  they  are  not  so  packed  as  in 
the  cells  at  the  center.  Sections  stained  with  hematoxylin  and  eosin  show 
a  greater  difference  between center  and periphery,  and  if  is noticeable that even 
in  the most  fatty cells  the nuclei  usually  stain well,  and  there is  no  evidence of 
necrosis, thrombosis, or  leucocytic  infiltration.  Kupffer cells  and capillary  endo- 
thelium  seem  unaffected,  except  for  a  few  vacuoles.  In  the  center  of  some 
lobules  the  blood  spaces  are  dilated,  as  if  replacing  liver  cells  which  are  here 
reduced  to  a  mere  cobweb. 
One hundred and twenty grm.  of liver tissue were ground to a  pulp,  first in  a 
hashing  machine  and  then  in  a  mortar,  until  it  could  all  be  passed  through 
cheese  cloth,  except  a  few  shreds  of  fibrous  tissue  and  vessels.  To  this  emul- 
sion  was  added 0.308  grin.  uric  acid,  which  had been dissolved  in boiling water, 
by  adding the  minimum  amount  of  sodium  hydrate  necessary,  and  cooled.  The 
whole  material  was  made  up  to  60o  c.c.  with  toluene  water.  For  control  IiO 
grin.  of  liver  from  a  freshly  killed  normal  dog  of  approximately  the  same 
size  and  weight  were  prepared  in  exactly  the  same  manner,  and  the  same 
amount  of  uric  acid  was  added. 
It  was  considered  advisable,  in  order  to  make  the  results  of  the  com- 
parison more valuable, to use somewhat more tissue from the poisoned than from 
the  normal  liver,  partially  to  compensate  for  the  increase  of  weight  due  to  fat. 
As  analyses  of  similar  fatty  livers  have  shown  that  the  fat-free  proteins  con- 
stitute but  Io to  II  per cent.  of  the weight of the  fresh  liver,  as  compared  with 
I7  to  2i  per  cent.  in  normal  livers,  it  is  evident  that  ir~  these  experiments  the 
amount  of  active  tissue  used  was  somewhat  less  with  the  poisoned  than  with 
the normal liver. 
Autolysis  at  35  ° C.  was  begun,  with  an  active  current  of  air  drawn  through 
the  emulsion  after  if had been  saturated  with  toluene  and  moisture by bubbling 
through  a  bottle of  toluene  and  water  kept  at  the  same  temperature.  Samples 
of  ioo  c.c.  each  were  withdrawn  at  the  end  of  four,  six,  nine,  twenty  and 
twenty-nine hours.  Each  sample  was  diluted  to 300 e.c.,  and the protein coagu- 
lated by boiling and  adding a  few drops  of dilute acetic  acid.  The filtrate  from 
the  coagulum  was heated to boiling and  the purines  precipitated by the  Kruger- 
Solomon method.  In only the first, or  four-hour  sample, was a  definite although 
very  minute  precipitate  obtained;  with  the  other  samples  a  doubtful  turbidity 
at  the  most  was  observed.  After  decomposing  these  slight  precipitates  with 
hydrogen  sulphide,  and  concentrating  the  filtrate,  but  a  few  crystals  of  uric 
acid  could  be  obtained  from  either  of  the  first  two  (four-hour)  samples,  not 
sufficient  for  weighing;  these  gave  a  distinct  murexide  test.  No  uric  acid  was 
present  in  any  of  the  other  samples. 
Therefore,  Ioo  grin.  of  dogs  liver  had  destroyed  almost  fotally  0.3  grin.  of 
uric  acid  in  4  hours,  under  the  conditions  of  the  experiment,  there  being  no 
appreciable  difference  in  the  results  with  normal  or  fatty  liver  tissue. 612  Oxidatio~ of Purines by Liver Cells. 
EXPERIMENT  II.--A  young  dog,  weighing  about  9  kilos,  received  an  injec- 
tion  of  o.I8  grin.  hydrazine  sulphate.  Two  days  later,  there  being  no  marked 
symptoms,  0.24  grm.  hydrazine  sulphate  and  I  c.c.  phosphorized  oil  were  in- 
jected.  Twenty-four  hours  later it was  quite  sick,  and 2  c.c.  more  of  the  phos- 
phorized  oil was  given.  It  died  four  days  after the first  injection,  and  the  liver 
was  found  to  be  extremely  fatty. 
Microscopical Examination.--Sections stained  with  Sudan  IrI  show  a  more 
extensive  and  complete  fatty  change  than  was  present  in  Experiment  I.  Every 
cell,  alike  in  all  parts  of  the  lobule,  is  packed  with  fat  droplets,  including  even 
the  bile  duct  epithelium;  there  is  no  appreciable  difference  between  the  cells 
of  periphery  and  center  of  the  lobule  as  regards  the  fat  content,  but  in  some 
lobules  there  seems  to  have  been  a  partial  replacement  of  the  central  cells  by 
blood.  Hematoxylin  and  eosin  staining  shows  that  the  peripheral  cells  have 
retained  more  cytoplasm  than  the  central  cells,  although  even  the  best  show 
many  fat  spaces.  In  the  centers  of  the  lobules  there  remains  little  cytoplasm 
on  many of  the  cells,  and  not  rarely  nuclear  fragmentation is  observed;  dilated 
sinusoids  take  the  place  left  by the  reduced  liver  cells.  A  few  liver  cell  nuclei 
in  mitosis  are  found. 
In  order  to  postpone the total  destruction  of  the uric  acid  and  thus  lengthen 
the  period  of  observation,  but  60  grin.  liver  were  used,  with  0.524  grin.  uric 
acid,  nearly  twice  as  much  as  was  used  in  the  first  experiment.  For  control 
50  grin.  of  normal  liver  with  the  same  quantity  of  uric  acid  was  taken.  The 
experiment  was  conducted  as  before,  ioo  e.c.  samples  being  drawn  off  at  the 
intervals  stated.  The  results  obtained  were  as  follows: 
Uric acid recovered  from 
zoo c.c. sample of normal 
Duration of autolysis,  liver.  Poisoned Liver. 
Initial  o.o87  o.o87 
I  hour  0.038  0.036 
3  hours  o.033  0.032 
6  hours  0.002  trace 
12  hours  o  o 
24  hours  o  o 
EXPERIMENT  III.--Adult  terrier,  weight  12  kilos.  Given o.I8  grm.  hydrazine 
sulphate,  and  after  forty-eight  hours,  as  the  dog  did  not  seem  sick,  another 
dose  of  the  same  size  was  injected.  Twenty-four  hours  later  I  c.c.  of  phos- 
phorized  oil  was  given,  which  caused  the  animal  to  be  quite  sick  after  twenty- 
four  hours  when  the  same  dose  was  repeated.  Death  occurred  five  days  after 
the  first  injection,  and  the  liver  was  found  to  be  extremely  fatty. 
Microscopical Examination.--The description  of  the  liver  in  Experiment  II 
will  apply to the findings  in  this  case,  the  only  difference being that  the amount 
of  fat  is,  if  anything,  a  trifle  less,  but  the  difference  is  insignificant. 
In  this  experiment  55  grin.  samples  of  the  fatty  liver  and  50  grin.  samples 
of  normal liver  were  used,  and  two  samples  of  each  were  taken.  To  one  pair 
(A)  was  added  0.567  grin.  uric  acid to  both the  normal  and  the  poisoned  liver, 
and to  each  of  the  other pair  (B),  o.498 grin.  of  xanthine.  Autolysis  was  con- H. Gideon  Wells.  613 
ducted  at a  lower temperature than in the other experiments,  about 32o  C.  One 
hundred  c.c.  samples  were  removed  at  intervals  from  each  of  the  four  flasks, 
and  analyzed  as  before,  with  the  following  results. 
(A)  Uric acid recovered from each 
xoo c.c. emulsion of 
(B)  Xanthine recovered from each 
xoo c.c. emulsion of 
Duration.  normal liver,  fatty liver,  normal liver,  fatty liver. 
Initial  o.094  o.o94  o.o83  o.o83 
2  hours  o.o67  o.o65  o.o635  o.o65 
4½  hours  o.o42  o.o57  o.o45  o.o56 
8  hours  o.oo5  o.o15  0.o42  o.o45 
20  hours  o.o  o.o  o.oIo  O.OI 5 
44  hours  o.o  o.o  trace  trace 
The  xanthine  samples  contained  practically  no  uric  acid,  the  merest  trace 
being  obtainable  by  Horbaczewski's  method.  Evidently,  then,  the  uric  acid 
formed  from  the xanthine is  destroyed  as  fast  as  formed. 
EXPERIMENT  IV.--ArL  adult  maltese  cat,  weight  3900  grm.,  was  given  o.I5 
grin.  hydrazine  sulphate,  which  caused  it  to  become  quite  sick  after  two  days, 
and on the third  day  it was  given o.I5  grm.  hydrazine  sulphate  and  I  c.c.  phos- 
phorized oil.  It died four days  after the first injection, and the liver was  found 
to  be  extremely  fatty,  soft  and  almost  pulpy. 
Microscopical Examination.--The  amount  of  fat  present  in  the  liver of  this 
cat  exceeded  that  observed  in  any  of  the  dogs,  especially  in  that  the  peripheral 
cells  were  quite  as  fatty  as  the  central  cells.  With  hematoxylin  and  eosin  the 
vacuolization  of  the  peripheral  liver  cells  was  also  found  to  be  about  equal  to 
that  in  the  center  of  the  lobule,  but  in  the  center  of  the  lobule  many  of  the 
cells  contain  no  nuclei,  the  nuclei  remaining being  chiefly those  of  the  Kupfer 
and endothelial cells. 
A  normal  cat  of  similar  age  and  weight  was  killed,  and  50  c.c.  of  its  liver 
was  used  as  control  for  55  c.c.  of  the  fatty  liver,  adding to  each  0.47  grin.  uric 
acid  and  making  up  to  600  c.c.  In  this  experiment  the  autolysis  was  conducted 
at  40  ° C.  The  result  of  the  autolysis  of  the  samples  was  as  follows: 
Uric acid recovered. 
Duration.  Normal liver.  Fatty liver. 
Initial  o.o79  o.o79 
2½  hours  trace  trace 
4  hours  trace  trace 
6  hours  o  o 
The  amount  obtained  in  each  of the two  and  one half  hour  samples  was  too 
small to  weigh  satisfactorily,  not being over 5  mg.,  while  in  the  four  hours  ex- 
periment  but  the  smallest  trace,  barely  enough  for  the  murexide  test,  was 
obtained. 
Therefore  under  the  conditions  of  this  experiment  5o  grm.  of  cats'  liver, 
representing  about  IO  grm.  of  solid  substance,  and  probably  not  more  than  5 
grm.  of  dry,  fat  free  liver  tissue,  has  destroyed  almost  totally  1/2  o  of  its  dry 
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The  remaining liver extract was  placed  in  dark bottles, covered with  a  heavy 
layer  of  foluene,  tightly  stoppered,  and  placed  in  the  incubator  at  40  ° C.  to  see 
if  resynthesis  would  occur,  as  stated  by  Ascoli  and  Izar,  and,  if  so,  whether 
there  was  any  difference  between  the  normal  and  the  fatty  liver.  After  three 
days  a  sample  was  drawn  off  from  each  bottle,  the  remainder  being placed  in 
smaller  bottles of  suitable  size  to  eliminate  air  space,  and  left  in  the  incubator. 
No  uric  acid could be recovered from  either of  the  samples  removed  at the  end 
of  three days.  After  fourteen  days  the remainder of  the material was  analyzed, 
and  again no  uric  acid  could  be obtained  from  either sample. 
EXPERIMENt  V.--A  healthy  rabbit,  weight  about  3ooo  grin.,  was  given  o.o6 
grm.  hydrazine  sulphate  on  the  first  and  third  days,  and  the  same  plus  I  c.c. 
phosphorized  oil  on  the  fourth  and  fifth  days.  It  did  not  become  sick  until 
after three  days,  and died  on  the fifth day.  The  liver was  extremely  fatty. 
Microscopical Examination.--The  same  uniform high  degree  of  fatty change 
is  present  as  with the  cat,  differing  only  in  that  there  is  less  loss  of  liver cell 
nuclei  in  the  central  portions  of  the  lobules. 
Of this liver 45 grin. was used in contrast with 4o grm.  of normal liver  from 
a  healthy rabbit  of  the  same  size  and  age.  To  each  was  added  o.49  grin.  uric 
acid  and toluene  water  to  make  6oo  c.c.  and the  autolysis  was  conducted  at  4o  ° 
C.,  with  the  following  resulfs: 
Uric acid recovered. 
Duration.  Normal liver.  Fatty liver. 
Initial  0.o82  0.082 
2  hours  o.o47  o.o45 
4  hours  trace  trace  (more than in control) 
8  hours  o  o 
Here  we have destruction  of o.5  grm.  uric  acid by 40 grm.  of  rabbit liver, or 
about  i  to  16  of  solid  substance,  practically complete  in  four  hours  and  equally 
as  rapid with  the  highly  fatty  liver  as  with  the  normal  one. 
After  continuing the autolysis  for  twenty-four hours  with  air,  the  remaining 
material  was  put  into  tightly  stoppered  bottles  and  left  without  air  at  4o °  C. 
for  thirty  days,  at  the  end  of  which  time  analysis  revealed  no  appreciable 
quantity of uric acid  in either sample. 
SUMMARY. 
These experiments show that it is possible to cause, by the proper 
use  of  hydrazine  and  phosphorus,  a  very  high  degree  of  fatty 
change  in  the  liver  with  a  minimum of  necrosis,  involving  alike 
both  peripheral  and central portions  of the lobule and thus  elimi- 
nating the " factor of safety" or residual normal cells.  Neverthe- 
less, it is  found that such fatty liver tissue has not lost in the least 
its  power to  oxidize  uric  acid  when acting  upon  it  in  vitro  with 
abundant air  supply,  nor is  the power to  oxidize xanthine to  uric 
acid  noticeably diminished.  Since  these  two  enzymes,  and  espe- H. Gideon Wells.  615 
cially  the  uricolytic enzyme,  are  about  the  last  to  appear  in  the 
development  of  the  animal  kingdom  and  also  of  the  individual 
mammal, it  is  to be expected that they will be among the first  of 
the  enzymes to  be  destroyed by  injurious  agencies,  but  evidently 
they are not affected by conditions that lead to the highest degree 
of fatty metamorphosis of the cytoplasm of the hepatic cells.  While 
these  experiments  merely  prove  that  extreme  fatty  degeneration 
does  not  destroy or appreciably diminish the power of  liver  cells 
to oxidize uric acid and xanthine iu vitro,  yet they suggest that in 
general fatty degeneration is  probably not essentially incompatible 
with a  high degree of metabolic activity by the affected cells.  It 
is  possible that  in the living tissue  functional activity may be  de- 
creased  second.arily by  fatty  metamorphosis,  as,  for  example,  by 
the  enlarged  fatty  cells  compressing  the  capillaries  and  reducing 
circulatory activity, or by modification of diffusion through the cell 
by the  fat  deposits,  independent of any deleterious influence upon 
the  cellular  enzymes  themselves.  Other  experiments  will  be  re- 
quired to determine whether steatogenie poisons leave intrahepatic 
enzymes  other  than  the  uricase  equally  unaffected,  but  as  it  has 
already  been  shown  by  Jacoby  s  that  the  autolytic  enzymes  and 
aldehydase in the liver cells are not destroyed by phosphorus poison- 
ing,  and  Abderhalden  and  Schittenhelm  9  found  that  peptids  are 
hydrolyzed fully as rapidly by phosphorus livers as by normal livers, 
it  seems  probable  that  extreme  fatty  metamorphosis  is  not  asso- 
ciated with any serious  injury to  the enzymes by which the liver 
cells perform their metabolic functions, with the possible exception 
of those enzymes concerned with the metabolism of  fats. 
8 Jacoby, Zeit. f. physiol.  Chem.,  19oo,  xxx,  I74. 
Abderhalden  and  Schittenhelm, Zeit.  f.  physiol.  Chem.,  19o6,  xlix,  41. 